Abstract: Synthesis of procyanidin B2 and B3 gallate derivatives, 3-O-gallate, 3"-O-gallate, and 3,3"-di-Ogallate, were synthesized using equimolar condensation mediated by Yb(OTf)3. Synthesized compounds showed significant antitumor effects against human prostate PC-3 cell lines. Their activities were weaker than wellknown EGCG and prodelphinidin B3.
amount of nucleophile was necessary to avoid polymerization. So far, we have developed an efficient synthesis of procyanidin dimers through equimolar condensation of catechin nucleophiles with electrophiles using Yb(OTf)3 as a Lewis acid. [22] [23] [24] [25] Herein we demonstrate equimolar condensation of a catechin and/or a epicatechin nucleophile containing gallate moiety with a catechin and/or epicatechin derived electrophile and synthesis of procyanidin B2 and B3 gallates ( Figure 1 ).
Figure 1.
The structures of procyanidin B3 and B2 gallates (1-6).
As to the synthesis of procyanidin B2 gallates (1-3), the nucleophile 7, 8 and the electrophile 9, 10 were prepared by the reported procedure. [2] [3] [4] 22, 23 Equimolar condensation between nucleophile 7 and electrophile 9 using Yb(OTf)3 as a Lewis acid to afford 11 in 53% yield. The benzylated procyanidin B2 3"-O-gallate (12) and procyanidin B2 3,3"-O-gallate (13) were also obtained from the condensation between nucleophile 8 and electrophile 10, nucleophile 8 and electrophile 9 in 22% and 43% yields, respectively. The 1 H and 13 C NMR data of the all condensed products 11-13 were identical with the reported values. the electrophile 16, 17 were prepared by the reported procedure. [2] [3] [4] 22, 23 Because the yields of condensation between 8 and 10 (22%), 15 and 17 (28%) were low, we investigated the esterification of benzylated procyanidin B2 (21) and B3 (22) with benzylated gallic acid (23) . In the case of the esterification between 21 and 23 using EDCI, the yield of desired product 12 was only 18% along with 11 (25%) and 13 (15%). On the other hand, esterification between 22 and 23 using DCC gave 19 in 65% yield. This method improved the synthesis of 19 compared to Yb(OTf)3 mediated equimolar coupling (Scheme 2).
Scheme 2. Esterification of benzylated procyanidin B2 (21) and B3 (22) with benzylated gallic acid (23).
Deprotection of the benzyl ethers of 11-13 and 18-20 and subsequent lyophilization afforded 1-6 in good yield.
We confirmed that lyophilized 1-6 was pure by HPLC analysis. 26 The specific rotation value of synthetic 1-6
were similar to those reported values. 2, 3 We found that low concentration was necessary for measurements because of low degree of solubility when acetone was used as a solvent. Thus, we supplied the data of optical rotation values using MeOH as a solvent in the supplementary data. The 1 H and 13 C NMR data were reported in the literature using acetone-d6. 11, 18, 19 However, severe broadening of the peak was observed in the 1 H NMR spectra of 1-6 in our measurement. Thus we switched to use methanol-d4 for measurement of NMR. As to the Results were obtained by cell count measurement. Epigallocatechin gallate (EGCG) was used as a positive control. As shown in Figure 3 , procyanidin B2 3-O-gallate (PCB2 3-OG, 1), procyanidin B2 3"-O-gallate (PCB2 between benzylated procyanidin B2 (22) and benzylated gallic acid (23) using DCC was effective. The antitumor activities of 1-6 suggested that these compounds showed significant cytotoxic activity but weaker than EGCG and prodelphinidin B3.
